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This Invention relates to culture mediuia and more 
particularly to a culture medium for the maintenance and 
growth of erythroid progenitor cells, other hematopoietic 
progenitor cells and leukemia ceils. 

Mammalian erythropoiesis is normally regulated in 
vivo by Epo (erythropoietin), a glycoprotein hormone 
responsible for the differentiation of red blood cells and 
for the viability and proliferation of their progenitors. 
Years after the introduction of culture media for the 
growth of the erythroid progenitors CFU-E (colony forming 
unit-erythroid) and BFU-E (burst forming unit-erythroid) it 
was found that fetal bovine serum (FBS) contained signifi- 
cant quantities of an Epo-like activity.^ Originally, this 
was believed to be due to the presence of Epo in FBS, but 
radioimmunoassays of Epo in FBS found only minute amounts 
of the hormone.^'* Subsequently, it was shown that the Epo- 
like activity of FBS was abrogated by an antiserum directed 
against insulin-like growth factor I(IGF-I), but not by 
anti-Epo antiserum.^ The same investigators also found that 
purified human IGF-I could stimulate colony-formation by 
CFU-E from murine fetal liver and adult bone marrow cells 
in a "serum free" "SF" medium.* Further studies showed 
that IGF-I enhanced both CFU-E- and BFU-E-derived colony 
formation from human bone marrow and peripheral blood in 
"SF" medium as well^. 

To determine the cellular and molecular mechan- 
isms that regulate erythropoiesis, there is needed a truly 
SF culture system for circulating erythroid progenitor 
cells which would be defined with respect to all activities 
that are stimulatory for erythropoiesis. simple depletion 
of serum from a culture medium does not necessarily remove 
from it all undefined serum factors. Major vehicles for 
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the uncontrolled presence of such factors in culture media, 
in the absence of added serum or plasma, are the albumin 
preparations commonly employed, most typically Cohn's 
Fraction V. These have been shown to provide a mitogenic 
f actor (s)^'*' referred to as BPA ("Burst Promoting Activity"*) 
which has so far remained molecular ly unidentified. In 
fact, most so-called "SP" media in the current literature 
use bovine serum albumin (BSA) preparations that are known 
to be contaminated with such activities. Effectively, 
serum residues provide a "dirty background" which precludes 
accurate and reliable study of the precise effects of added 
growth factors. Accordingly, in this specification, the 
term "serum-free" or "SF" is used in quotation marks in 
instances where reference is made to a medium reported 
originally to be serum-free but subsequently discovered to 
be still sexrum-contaminated^ 

In our laboratory, we have previously shown that 
treatment of BSA with activated charcoal removes its BPA- 
like activity.^ Using a fatty-acid-free and globulin-free 
BSA (PAP, GP BSA) preparation in a SP medium for the growth 
of BPU-E from bone marrow, Ogawa and co-workers' demon- 
strated that under these stringent conditions, a defined 
exogenous source of BPA-like activity, interleukin-3 (IL-3) 
or OT-CSF, had to be added in order to obtain growth of 
day-14 erythroid bursts. With this SP medium, however, we 
were unable to grow erythroid bursts or colonies from 
circulating progenitor cells. 

The study of erythropoiesis , including the study 
of the growth and proliferation of leukemia cells, so 
important to the development of understanding and eventual 
control of this disease ,^ requires the provision of a cell 
growth medium which ensures optimum growth of the cells 
under study. It also requires the provision of a cell 
growth medium free from unknown ingredients which might 
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affect the cell growth characteristics. Only with such a 
growth medium can the researcher satisfactorily study the 
effects of other growth-promoting or -inhibiting factors on 
cell proliferation and differentiation, as well as study 
the precise effects of toxic molecules. 

It is an object of the present invention to 
provide a novel cell culture medium for hemopoietic and 
leukemia cells. 

The present invention, from a first aspect, is 
based upon the provision of a basal serum-free medium 
(BSFM) for erythroid and other hematopoietic progenitor 
cells namely a medium in which the cells will not prolifer- 
ate. By the identification and provision of such a basal 
serum-free medium, there is provided to the user a medium 
to which other ingredients may be added for the specific 
purpose of determining whether or not such ingredients 
constitute growth and/or differentiation factors for the 
cells under study. From a second aspect, the present 
Invention provides a growth and differentiation mediiim 
which can be optimised for such cells, the medium being 
constituted by the basal serum-free medium with certain 
well-defined additives designed to ensure optimiua growth 
and differentiation of the cells therein. With this 
optimum growth and differentiation medium, the user can 
test the effects of various compounds on the cell growth 
and differentiation characteristics of hematopoietic and 
lei^emia cells. The concept of distinguishing between a 
basal serum-free medium (BSFM) and a cell growth and 
differentiation medium provides the basis of the present 
invention. 



Thus, according to the first aspect of the 
Invention, there is provided a basal serum-free medium for 
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erythroid and other hematopoietic progenitor cells and 
leukemia cells, consisting essentially of: 

a minimiim essential medium; 

an effective amount of each of the four deoxyri- 
bonucleosides adenine deoxyriboside, thymine deoxyriboside, 
guanine deoxyriboside and cytosine deoxyriboside? 

an effective amount of each of the four ribonu- 
cleosides adenine riboside, uridine riboside, guanine 
riboside and cytosine riboside? 

an effective amount of L-glutamine; 

an effective amount of deionized, fatty-acid free 
and globulin-free bovine or human serum albumin or recombi- 
nant human albumin; 

an effective amount of a human or bovine 

transferrin; 

an effective amount of a phosphatidyl choline; 
an effective amount of a q^e - 0,* unsaturated 

fatty acid? 

an effective amount of a cholesterol; 

an effective amount of d-a-tocopherol or an ester 

thereof; 

an effective amount of at least one bio-accept- 
able antioxidant; 

and an effective amount of at least one anti- 
biotic substance effective to protect the cells against 
stray infections • 

According to the second aspect of the present 
invention, there is provided a serum-free culture medium 
for the growth and differentiation of erythroid and other 
hematopoietic progenitor cells and leukemia cells, said 
medium being free from indigenous cell growth factors but 
adapted to receive extraneous cell growth influencing 
materials for determination of the effects thereof on 
erythroid and other hematopoietic cells and leukemia cells 
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and for attaining optimal growth thereof, said culture 
medium consisting essentially of: 

- a basal serum-free medium as defined above; 

-* an effective amount of at least one growth 
promoting agent selected from the group consisting of heme 
or hemin, lnterleukin-3 , and recombinant human stem cell 
factor; 

* an effective amount of at least one cell 
differentiation-promoting agent selected from the group 
consisting of erythropoietin, insulin-like growth factor, 
and a retinoid. 

It will be understood that the agents referred to 
las growth-promoting agents may in addition have some cell 
differentiation-promoting activity, and that the agents 
referred to as differentiation-promoting agents may also 
have some growth-promoting activity. 

In this novel and improved SF growth and differ- 
entiation medium which we have developed, the concentration 
of each component has been optimized. With it, we have been 
able to produce erythroid bursts from the mononuclear cells 
of human peripheral blood with higher efficiencies than 
those of either the serum-containing or the "serum-free" 
media reported in the literature. This medium, which uses 
BPA-free FAF, GF BSA, and defined sources of BPA-like 
activity, has allowed us to study the effects of various 
growth factors such as IGF-I upon circulating erythroid 
progenitors grown in 2Cit2:fit* We have found that IGF-I does 
not behave as a EPA, inasmuch as it cannot replace IIi-3 in 
the presence of Epo. The effect of IGF-I in this medium 
was found to be interchangeable with that of Epo, though at 
higher concentration, thus revealing an Epo- independent 
pathway for erythropoiesis in by circulating progeni- 

tors of the normal human adult. This mechanism, if operat- 
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ive in vivo, may become importairt under conditions in which 
endogenous Epo levels are low. 

13ie BSFM provides no complications such as 
intrinsic presence of substances, in unknown or even trace 
quantities, which might have cell growth effects, inhibi- 
tory or stimulatory, on hematopoietic progenitor cells or 
leukemia cells* The medium accordingly provides an ideal 
test medium for evaluation, optimization and development of 
growth and differentiation factors that act on hemato- 
poietic progenitor and leukemia cells, as well as elucida- 
tion of the mechanism whereby they operate. 

According to another aspect, the present inven- 
tion provides a process of determining the effect of a test 
substance on the growth characteristics of erythroid and 
other hematopoietic progenitor cells or leukemia cells, 
which cosqdrises culturing said cells under predetermined, 
controlled conditions in a serum-free growth and differen- 
tiation medium as defined above and to which has been added 
a predetermined quantity of said test substance, and 
recording growth characteristics of said cells in the 
culture medium. 

The SP growth and differentiation medium as 
defined above provides for the optimal growth in vitrQ of 
normal human peripheral blood inrogenitor cells (BFU-E and 
CPU-B), normal htunan bone marrow progenitor cells (BFU-E 
and CPO-E), normal human bone marrow multipotential 
hematopoietic stem cells (CFU-GEMM) , normal human bone 
marrow granulocyte/macrophage progenitor cells (CPU-GM) , 
peripheral blood erythroid progenitor cells (BFU-E and CFU- 
E> from patients with polycythemia vera, bone marrow 
granulocyte/macrophage progenitor cells (CFU-GM) and 
erythroid progenitor cells (BFU-E) from patients with 
Diamond-Blackfan anemia, and human polycythemia vera, and 
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B- and T- leukemia cell lines. The growth of certain 
leukemia cell lines may not require all components of the 
complete growth and differentiation medium defined above. 

FIGURE 1 is a bar graph presentation of the 
results of Exsunple 1 below; 



FIGURE 2 is a bar graph presentation of the 
results of Example 2 below, showing variation in the number 
of erythroid bursts and their component colonies derived 
from normal human PB MNC with different combinations of 
hemin and retinyl acetate (in the presence of rHu IL-3, and 
rHu Bpo and rHu IGF-I) in an improved SF medium containing 
a "clean" BSA and in a serum-containing medium with "dirty" 
BSA; 



FIGURE 3 is a bar graph presentation of the 
further results of Example 2 below, and illustrating the 
effect of ATRA on early erythroid colony formation by 
circulating progenitors in an improved SP medium; 

FIGURE 4 is a graphical presentation of further 
results obtained in Example 3 below, namely the relation 
between number of erythroid bursts produced and number of 
PB MNC plated in an improved SP medium containing 5.5 ng/ml 
IL-3, 3 X lO-M retinyl acetate, 3 x lO-M rHu I6F-I, 3.0 
U/ml Epo and 0.1 mM hemin; 

FIGURE 5 is a graphical presentation of the 
results obtained from Example 4 below, it shows the number 
of burst-component colonies formed from normal PB MNC in an 
improved SF medium as a function of rHu lL-3 concentration. 
Culture medium contained 3.0 U/ml rHu Epo, 3 x 10-M retinyl 
acetate, 3 x 10"^ rHu IGF-i and O.l mM hemin 
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FIGURE 6 is a graphical presentation of further 
results obtained from Example 4 below, namely the variation 
in the number of bursts ( - ) an€L their component colonies 
(O) derived from PB MMC as a function of hemin concentra- 
tion in an improved SF medium containing 5.5 ng/ml rHu IL- 
3, 3.0 U/ml Epo, 3 X 10"^ IGF-I and 3 x lO"^ retinyl 
acetate » Each colony had at least 50 hemoglobinized cells? 

FIGURE 7 is a graphical presentation of the 
results obtained from Example 5 below, and shows the number 
of burst^component colonies derived from PB HNC in an 
improved SF medium as a function of rHu IGF-I concentration 
with (O) and without (•) retinyl acetate (3 x IQ-'M). The 
medium contained 5.5 ng/ml rHu IL-3, 3.0 U/ml rHu Epo and 
O.X mM hemin? 

FIGURES SA, 8B, and 8C are graphical presenta- 
tions of the results obtained from Example 6 below? 

FIGURES 9A and 9B are graphical presentations of 
additional results obtained from Example 6 below, namely 
comparisons of numbers of erythroid bursts derived from PB 
HNC as a function of rHu IGF-I or rHu Epo concentration in 
an improved SF medium, and comparison of normalized values 
from the above data. Conditions are identical to those of 
Fig. 8? 

FIGURE 10 is a graphical presentation of addi- 
tional results from Example 6 below, namely the effect of 
the addition of polyclonal anti-Epo antibody HCC-1400 to an 
improved SF siedium with different combinations of rHu Epo 
and rHu IGF-I. The HCC-1400 antibody was used at 1:50 
final dilution; at this concentration it is Jaiown to 
neutralize 6 U/ml of Epo. Molar concentrations of Epo and 
IGF-I employed were respectively 1.8 nH (6 U/ml) and 300 
nM? 
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FIGURE 11 is a graphical presentation of the 
results obtained according to Example 8 below. 

FIGURES 12A 12B, 12C and 12D are graphical 
representations of the results of Example 9 below. 

FIGURE 13 is a graphical presentation of results 
obtained according to Example lo below. 

FIGURE 14 is a graphical presentation of further 
results obtained according to Example' 10 below. 

FIGURE 15 is a graphical presentation of results 
obtained according to Example 11 below. 

FIGURE 16 is a graphical presentation of further 
results obtained according to Example 11 below. 

FIGURES 17A and 17B are a graphical presentation 
of the results obtained according to Example 12 below. 

The basal serum-free medium and the SF growth and 
differentiation medium as defined above with their minimum 
number of components provide media in which useful results 
on cell viability, growth and differentiation, capable of 
meaningful scientific interpretation can be obtained. 
According to the preferred embodiments of the invention, 
however, additional ingredients are added as discussed 
herein, to produce an optimal SF medium. 

The present invention provides a novel improved 
SF medium for the growth and differentiation of human 
erythroid progenitor cells from peripheral blood. The 
activity in this medium of each of its major components has 
been systematically investigated. it has been found that 
in the presence of a "clean", fatty acid-free and globulin- 
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free crystallized albumin, rHu II.-3 and rHu Bpo were barely 
sufficient to support the production of erythroid bursts? 
the bursts were small, developed in minimal numbers, and 
required benzidine staining for their confirmation. Pull 
maturation of the erythroid bursts necessitated the addi* 
tlon of hemin, which made possible the direct scoring of 
hemoglobinized bursts in situ. Optimal growth was 

attained when IGF-I and retinyl acetate were added. It is 
believed that this is the first SF medium which, using a 
BPA-free BSA and a defined source of BPA, fully supports 
the production of bursts In vitro by circulating erythroid 
progenitor cells from the normal human adult. 

It is very importeuit to meJce the erythroid 
•culture medium completely free of serum products inasmuch 
as these introduce not only undefined activities that 
promote growth^ but also undefined inhibitory factors, as 
our results obtained with a "dirty" albumin and serum 
illustrate in the following examples. A medium containing 
FBS and cohn's Fr. v BSA, even after it had- been improved 
by the addition of hemin, retinyl acetate and IGF-1, had a 
33 - 72% lower day-14 colony-forming efficiency than our 
own improved SF mediiun. This is demonstrated in Example 2 
below, and illxistrated in accompanying Figure 2. 

As described above, the first aspect of the 
invention described and claimed herein comprises basal 
serum-free mediuia in which hematopoietic cells will not 
proliferate. The first component thereof is minimum 
essential medium, a term well understood by those skilled 
in the art of cell culturing. Specific preferred examples 
thereof include a medium, IHDH, and Iscove's modified 
Dulbecco's mediiim. Such minimum essential medium is then 
modified according to the invention to render it specifi- 
cally suitable for the maintenance of hematopoietic cells 
and leukemia cells. For this purpose, there are added to it 
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the four deoxyrlbonucleosldes ^ the four ribonucleosides and 
the other additives referred to above. The phosphatidyl 
choline which is^ used is suitably L-a-phosphatidyl choline 
dipalnitoyl synthetic. The Cx« -Ca* unsaturated fatty acid 
is suitably linoleic acid or oleic acid. The cholesterol 
component is suitably porcine liver cholesterol. The 
antioxidant is suitably beta-mercaptoeth-anol or a- 
, thioglycerol , or most preferably a mixture of both* One or 
more antibiotic substances are also included, to protect 
the medium against Infection by airborne or other stray 
bacteria. Suitable such antibiotics include sodium peni- 
cillin G and streptomycin sulphate. Preferably a combina- 
tion of these two antibiotics is used. The semi-solid 
matrix material is suitably a carbohydrate such as methyl- 
cellulose, agar or agarose, with methyl-cellulose being 
most preferred. 

Suitable relative amounts of the various consti- 
tuents of the basal serum-free medium are, in final 
molarity or in grams per milliliter of final volume: 

each deoxyribonucleoside: from 1 fMg/ml to 100 
mg/ml, and preferably from 5 to lO mg/mL; 

each ribonucleoside: from l to lOO ^g/mL, and 
preferably from 5 to lo mg/mL; 

L-glutamine: from O.lmM to 20 mM and preferably 
from 1 to 2 mM; 

albumin: from 1 mg/mL to 100 mg/mL and preferably 
from 10 to 30 mg/mL; 

transferrin: from 1 /ig/mL to 1 mg/mL and prefer- 
ably from 27 to 270 |4g/mL; 

phosphatidyl choline: from 0.1 A^g/mL to 100 /i/mL 
and preferably from 5 to 10 fxg/mL; 

fatty acid: from 0.1 to lOO Mg/ml and preferably 
from 2 to 10 M9/aiL; 
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cholesterol: from o.l to lOD iit^/viL and preferably 
from 1 to 10 ^g/mL; 

antioxidant:: from 1 /tiM to ImH and preferably from 
0«l to 0*2 mH; 

antibiotic: from 0.1 /ig/mL to 250 /^g/mL and 
preferably from 25 to 100 |ig/mL; 

matrix material; from 0.1 mg/mL to 10 mg/mL and 
preferably from l to 3 mg/mL. 

In making up the medium for optimal cell growth 
and differentiation, as determined by the may^ynnft yield of 
colonies and number of cells per colony over a given period 
of time^ from a given number of cells plated out^ in an 
easily studiable condition^ together with a maximized 
degree of hemoglobinization by the cells, the additional 
ingredients should be added to the basal serum-free medium, 
in the following approximate amounto: 

hemin or heme: from 50 /iH to 1 mH and prefersUt>ly 
from 200 /iH to 50O /iH; 

retinoid: ttom 0.1 nM to 0.1 nN and preferably 
from 1 nK to loo nH; 

stem cell factor: from 0.5 ng/mL to 1 mg/mL and 
preferably from 25 to lOO ng/mL; 

interleukin-3: from o.l ng/mL to l mg/mL and 
preferably from 5 to 25 ng/mL; 

erirthropoietin: from O.l ng/mL to 1 mg/mL and 
preferably from lo to 30 ng/mL; 

insulin-like growth factor: from 1 pg/mL to 1 
mg/mL and preferably from 20 to 100 ng/mL. 

EFFECTS PF INDTVTnnAT. GOMPOWRiPPg op tor np o wro mbhttti^ 
BPA: IL->3 , HEirro aw^ f^rr 



The problem of providing a defined BPA required 
the growth of erythroid bursts has been a major stumbl- 
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ing block in the development of truly SF media • Most 
recipes are in fact merely serum-deprived media, ^' as 
they call for the use of Cohn's Fr. V BSA, which is known 
to be contaminated with BPA, as well as lipids, small 
proteins and other low molecular weight molecules. '^'^ 
Delipidation with activated charcoal not only removes 
lipids but other small molecules as well, and has resulted 
in the loss of the erythropoietic activity associated with 
albumin. A source of BPA then had to be provided, either 
by the addition of leukocyte conditioned medla^ or serum 
lipoproteins of low to intermediate density.^* 

Investigators have reported BPA-like effects in 
their media ^ even though the albumin had been treated with 
activated charcoal; the source of such BPA was traced to 
the semi-purified Epo preparations utilized" and, when rHu 
Epo was used, to the accessory cells of bone marrow 
(monocytes, T-cells, fibroblasts )^ it has been reported 
■that accessory cells of bone marrow produce BPA.'' When 
we did not remove accessory cells from our PB MNC prepara- 
tions, as described in Example 1 below, these cells did not 
appear to provide significant amounts of BPA in our system, 
judging from the fact that in the absence of added IL-3 and 
hemin, no bursts developed (Fig. i). 

However, production of erythroid bursts by 
progenitors among pb MNC was completely abolished by 
removal of adherent cells in serum-free medium containing 
IL-3 and hemin but no SCF; addition of rHu SCF partially 
restored burst formation. Thus either non-adherent 
erythroid progenitor cells have a requirement for another 
growth factor(s) normally secreted by adherent cells, or 
else intimate cell-cell contact interactions between 
adherent cells and erythroid progenitors are required for 
burst production. 
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Xn our novel cul-ture system we have confirmed the 
well-documented BPA-like activity of IL-3 for human 
erythroid growth in vitro y its introduction into our medium 
as a defined BPA made up for the loss of an undefined BPA 
resulting from our use of a ■'clean" BSA preparation and 
recombinant £PO. Xn the absence of SCF, the BPA in our SF 
culture medium appears in fact to be supplied by two 
defined entities, rHu IL-S and purified hemin as demon- 
strated in Example 1 and Figure 1, and Bxeuaple 2 and Figure 
2, reported below. 

Hemin (iron protoporphyrin IX) is a relatively 
small (652 dalton) molecule, known to act in the process of 
normal erythropoiesis. Xn addition it has distinct 
proliferative effects in hematopoietic culture. Hemin has 
been shown to enhance the proliferation of both the multip- 
otential stem cells CFU-GEHK and the early erythroid 
progenitor cells BFU-E in serum-containing or serum- 
deprived (i.e. containing undefined BPA's), "SF" culttures 
of murine and human bone marrow* 

Recently, a novel growth factor termed stem cell 
factor, SCF, has been reported to stimulate primitive 
pluripotential hemopoietic progenitors in mice**'", rats*** 
and humans""**. Several groups have isolated SCF, also 
termed mast cell growth cell factor (HGF) and have shown it 
to be the llgand for the c-kit receptor protein. The 
product of the c-kit proto-oncogene has tyrosine kinase 
activity and maps to the mouse W locus on chromosome 5* 
These findings demonstrated that the genetic anemias of W/IT 
and Sl/Sl* mice were interconnected, with the former having 
defects in the c-kit receptor and the latter defective 
production of SCF, the c-kit receptor ligand being the 
product of the Steel (SI) locus. Besides the soluble forms 
of SCF, membrane-bound forms have also been reported". 
Serum-containing (SC> studies of the effects of SCF on 
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highly enriched, adherent cell-deprived, hiutian bone marrow 
(BM) BFU-E preparations have shown that it can potentiate 
primitive hemopoietic colony-formation, and have suggested 
that it synergises with diverse cytokines, among which are 
Epo and No comparable studies exist for human 

BFU-E from peripheral blood. 

The novel serum-free (SF) growth and differenti- 
ation medium of the present invention is capable of sup- 
porting the growth of circulating erythroid progenitors. 
However, even though the medium is capable of supporting 
burst formation at low cell density, removal of adherent 
cells from the peripheral blood mononuclear cell (PB MNC) 
suspensions prevents burst formation in SP medium. In 
accordance with another feature of the present invention, 
it has been found that recombinant human stem cell growth 
factor (SCF) can replace the stimulatory activity of 
adherent cells and thus at least partially restore burst- 
formation. This is further described in Example 9 below. 

IGF-I AND EPO 

The present invention provides strong indications 
that the effect of I6F-I on burst formation is not limited 
simply to potentiation of the effect of any Epo that might 
still be present in the medium. It has been sho%m that 
when defined BPAs (IL-3 and hemin) are provided, the basal 
serum-free medium according to the invention is entirely 
free of any Epo-like activity capable of inducing eirythroid 
differentiation. Moreover the present work shows that in 
the presence of an antibody to Epo, IGF-I is fully capable 
of supporting erythropoietic burst production. 

Since experiments according to the present 
invention were unable to obtain growth of BFU-E with a 
combination of Epo and IGP-I in the absence of lL-3, hemin. 
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and retinyl aceta1:e^ it appears -fchat IGF-I does not have a 
BPA-like effect upon eaurly BFU-B. This fits with the known 
incapacity of rCF-I to act as a coiapetence factor , i.e. it 
cannot recruit quiescent cells into the cell cycle • We 
have also been able to confirm in our culture system that 
rHu Epo has no BPA-like activity either.* 

Thus IGF-I can function in vitro on its own as an 
erythroid differentiation factor for BFU-E from normal 
peripheral blood. X6F-X must also function as a growth 
factor for the progenitors of burst-component colonies. He 
have found that the cellularity of these colonies was 
greatly increased by IGF-I whether or not Epo or retinyl 
acetate were present. This indicates that XGF-I can 
stimulate cell proliferation within the developing burst, 
either by promoting self -renewal of the early BFD-B Itself, 
or by targeting progenitor cells that are later in the 
differentiation sequence than the early BFU-E and promoting 
their proliferation. The work in support of the present 
invention appears to represent the first demonstration of 
Epo-like activity of rHu IGF-I on burst and colony forma- 
tion from human PB HNC in a demonstrably SF medium. 

The SF medium of the present invention provides 
the opportunity to investigate the sensitivities of human 
circulating erythroid progenitors to the growth factors 
that are active in erythropoiesis in vitro . We found that 
these progenitors required a 100-fold higher concentration 
of IGF-I than of Epo to reach maximal stimulation (Figs. 8, 
9). We further found that the result of the combined 
addition of Epo and IGF-I was only partially additive (Fig. 
1). The combination of Epo and IGF-I in the presence of 
IL-3 and hemin gave a greater day-l4 colony-forming effi- 
ciency than either factor alone, but less than the sum of 
their separate effects (Fig.l). This observation suggests 
that there may be two deisses of BFU-E-derived erythroid 
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progenitors which overlap with respect to their sensitiv- 
ities to each of these factors . 

The observation that IGF-I (in the presence of 
IL-3) can completely replace Epo constitutes strong evi- 
dence for the existence of an iGF-l-dependent mechanism for 
proliferation and differentiation of normal circulating 
BPU-E, wbich can operate in j^itsQ when Epo levels are low 
or absent. That such an Epo-independent mechanism might 
also function In vivp is suggested by the finding that 
plasma from a patient with chronic renal failure and low 
Epo levels could nevertheless support erythropoiesis 
because of its IGF-I content." 

VITAMTW A 

We have found that the addition of Vitamin A 
(retlnyl) acetate or all-£Eans retlnoic acid at physiologi- 
cal concentration"'- (In the absence of Epo) greatly 
enhances the effect of IGF-I on erythropoiesis in vitT-o , 
Even at ineffective concentrations of IGP-I added to the 
medium, this vitamin is responsible for the expression of 
a background number of day-l4 erythroid colonies, and it 
synerglzes with hemln in stimulating production of 
increased numbers of these colonies. Retlnyl acetate or 
all-tcans retlnoic acid thus appears to act as a potentia- 
tor of the functions of other growth factors in the SP 
medium. 

The invention is further described for illustra- 
tive purposes in the following specific examples, consti- 
tuting the "Most Preferred Embodiments". 
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If^TTCRTA^^ AMD METHODS 

CEIJ. PREPARATIONS 

After informed consent:, peripheral blood was 
ob-balned by venipuncture from healthy donors and was 
immediately placed in a-minimal essential medium (a-HEH) 
containin? 2% fetal bovine serum (FBS) (#SP80219, Gibco, 
Grand Island^ N.Y.) and 10 U/ml of preservative-free sodium 
heparin (#820 5077 MF, Gibco). Peripheral blood mono- 
nuclear cells (PB MNC) were separated by Ficoll-Hypaque 
(Pharmacia, Montreal, P.Q*) density-gradient centrifugation 
at 4O0 xg for 40 min. 

Adherent cells were removed by 90 min exposure to 
the plastic of 50 ml Falcon Tissue Culture Flasks (#3013, 
Becton Dickinson, Rutherford, New Jersey) in the presence 
of 2% FBS H- a-KEK, without agitating the flask at the time 
of removal of the cell suspension. Cell suspensions were 
washed three times (400xg, lO min), the first wash in the 
presence of 2% FBS + a-MBH, and the subsequent two washes 
in a-HKSf alone » Cell counts were made with the Trypan Blue 
(0*4%, #630-5250, Gibco) dye-exclusion method. 

C11QWAI. CCTT. nnrjrmiR 

BASAIt 8BRWI-FREE MEPIQM 

Serum-free culture of PB HNC was performed with 
a modification of the technique previously described,* in 
flat bottomed 1.5 x 1.0 cm plastic wells (#76-000-04, Flow 
Laboratories, Hac2Lean, VA, now discontinued; Nunclon Delta, 
Nunc, Roskilde, Denmark, Sl-24 well multidishes - #1-43982 
can also be used) • Between 5 x 10^ and 1 x 10^ PB HNC were 
plated in 0»5 ml of final culture medium containing a-HEH, 
0.8% of 1,500 centipoise methylcellulose (Hethocel A4H, 
premium grade, Dow Chemical Co., Midland, MX), 1% fatty 
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acid- and globulin-free crystallized BSA (Sigma) which was 
subsequently deionized with analytical grade Ion Exchange 
Resin (AG 501-X8(D), BioRad I.ab8, Richmond, CA) , 2 x 10-*M 
B-nercaptoethanol (BDH Blochemicals , Poole, England), 270 
Hg/nl fully iron-saturated bovine transferrin (Sigma), 7 x 
10-^ d-a-tocopherol (Clinic Products, Windsor, Ont.)/ 8 
ftg/nl L-o-phosphatidyl choline dipalmitoyl synthetic 
(Sigma), 5.6 fig/ml oleic acid (Sigma), 7.8 /tg/ml porcine 
liver cholesterol, grade 1 (Sigma), 10 /lig/ml of each of the 
four deoxy- and ribonucleosides (Sigma),' 2 mM L-glutamlne 
(Sigma), lOO U/ml penicillin G and 50 lig/nl streptomycin 
sulfate (Gibco) (this combination of ingredients constitut- 
ing a specific example of a basal serum-free medium accord- 
ing to the Invention) and 3xlO-'M retinyl acetate (Nutri- 
tional Biochemicals Corp., Cleveland OH). 

BBComiWftWT AND QTHKR GROWTH AWn dtfferrwt i ation PAfypops 

E. coli-derlved recombinant human somatomedin-C 
(referred to as rHu IGF-I) having the natural amino acid 
sequence was purchased from Amersham, Oakville, Ont., or 
from AMGen, Thousand Oaks, Calif. The recombinant human 
preparations of erythropoietin (rHu Epo) and lnterleukin-3 
(rHu lL-3) were from AMGen. Bovine type l hemin (ferric 
chloride protoporphyrin ix) was purchased from Sigma (#H- 
2250), with - 97% purity by spectrophotometric assay. 
Retinyl acetate was from Nutritional Biochemicals Corp., 
Cleveland, OH. Recombinant human SCF was a gift from Dr. 
A. Bernstein (s. Linenfeld Research Inst., Ont.). The final 
concentrations of these growth and differentiation factors 
tised in the optimal medium were as follow: rHu IGP-I 
0.26fig/ml to 2.6 /ig/mL (3xl0°* to 3xlO-'M) , rHu Epo 3.0 U/ml 
(27 ng/ml., 9 x 10-*«M), rHu IL-3 5.5 ng/mL (2 x 10-^»M) , rHu 
SCF 100 ng/mL (3nM), retinyl acetate or all- trans retinoic 
acid 3X10-M, and hemin 65.2 or 163.0 Mg/mL (l.o or 2.5 x 10" 
*M). 
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Petri dishes con-taintng "tfte wells were incmbated 
at 37* C in a humidified atmosphere and 5% CO^ for 7 to 9 
days for erythroid colonies and 14 to 16 days for erythroid 
bursts. All erythroid colonies and bursts were scored by 
in situ observation with an inverted microscope. 

flWTI-EPQ AHTIBPPY 

Polyclonal rabbit anti-Epo antibody HCC-1400 was 
obtained from Terry Fox I.aboratory, Vancouver, B.C., and 
used at a final dilution of 1:50, at which concentration it 
neutralizes 6 U/ml of human Epo. 

CRITERIA FOR SCORING OF ERYTHROID CQLOWIES AND BURSTS 

An erythroid burst is defined as either a single 
colony or a cluster of "fturst-component" or "day-14" 
colonies, each having at least 50 hemoglobinized cells, 
scored at days 14 to 16 of growth. Hemoglobinized colonies 
with <50 cells and sepeurated from one another could also be 
obseirved; even when they appeaured to belong to a single 
burst, their counts were not included in the counts of 
bursts • Contiguous colonies which collectively comprised 
at least 50 cells were scored as a burst. Burst^component 
colonies, also referred to as "day-*14 colonies" or "subcol* 
onies", were easy to count and their numbers could be 
considered reliable even when crowding of the cultures made 
the distinction between individual bursts questionable. 

COMPARISON OF THE EFFECTS OF rHu Epo AND rHu T GF-I IN THE 
PRBSEWCE QR ftBSBWCB OF vm Ih"^ AHP HBMIW 

In the initial experiments, we examined the 
effects of several growth factor permutations upon the of 
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erythroid day-14 burst-component colonies from PB MNC, 
Accompanying Figure 1 presents the results graphically. On 
Pig.- Ir triplicate or sextuplicate determinations from one 
or several experiments are expressed as Means ± S.E- FAF, 
GF BSA (1%) present together with the entirety of the basal 
serum-free medium components as described under "Clonal 
Cell culture" above, was unable, by itself, to support the 
development of burst-component colonies (Fig. i, bar 1) and 
the same negative result was obtained when Epo was added 
(Fig. 1, bar 2), confirming that the BSA preparation 
employed was operationally devoid of a BPA-llke activity 
and that the basal semm-free medium by itself does not 
support growth of primary hematopoietic cells. Hence, in 
order to obtain burst-formation we would need to add an 
exogenous source of EPA to the medium. The same results 
showed that the recombinant Epo preparation was equally 
devoid of a BPA contaminant, which is often present in 
semi-purlfled Epo preparations. This contrasted with the 
results obtained when rHu Epo alone was added to Cohn's Pr. 
V BSA (1%). Under these conditions 18 ± 2.5 single-colony 
bursts developed per 2 x 10» cells. However, the results 
thus obtained with Pr. V BSA were erratic, suggesting that 
this source of albumin has variable quantities of contami- 
nating BPA and may, at times, have none, at least oper- 
ationally. 

The addition of a defined, exogenous BPA-like 
activity In the form of 5.5 ng/ml of rHu lL-3 was also 
unable to promote erythroid burst- format Ion In the absence 
Of any added Epo (Fig. 1, bar 3), demonstrating that the 
BSA employed Is also devoid of an Epo-like activity. In 
fact, examination of these cultures showed the presence of 
morphologically erythroid- like colonies that failed to 
mature, along with granulocytic and monocytic colonies. 
The addition of o.l mM hemin to this basal level of lL-3 
did not elicit erythroid differentiation of these colonies 
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either (Fig. 1, bar A), and addition of rHu Epo and rHu IL- 
3 showed the presence of a few day-14 erythroid colonies 
(or single-colony bursts) scorable only with acid benzidine 
(Fig- Ir bar 5). Addition of 0.1 MM hemin to the combina- 
tion of Bpo and IL-3 dramatically increased the colony- 
forming efficiency (7-fold, Fig* 1, bar 6). Under these 
conditions, colonies could now be scored directly in the 
microscope by their orange colour alone. A comparison of 
bars 6 and 7 in Fig. 1 shows that, in the presence of hemin 
and in-3, addition of IGF-I could effectively replace Epo 
with respect to burst formation. However, when Epo and 
IGF-I were added together (at the previously established 
concentrations), their combined effect was greater than 
that obtained with either factor alone, but less than the 
sum of their separate effects (Fig. X, bar 8). 

E3gAMPI,E 2 

QPTIMIZATT OW OF SERTTM-FRKK CULTURE CPyPEEISHS 

It was reported in 1982 that some retinoids can 
significantly increase erythroid burst format ion. Hence, 
in order to improve the efficiency of the medium, we tested 
the effects of combining hemin and retinyl acetate with the 
full complement of recombinant factors, Epo, II.-3, and IGF- 
I, except for SCF. We had in this medium previously found 
that, by themselves, retinyl acetate and all-£EaDS-retinoic 
acid also had an Epo-like activity, in that they appeared 
to function as differentiation factors.*' Fig. 2 also shows 
that with respect to numbers of burst-component colonies, 
the effect of a combination of hemin and retinyl acetate 
(bar 4-bar 1) was significantly greater than the sum of 
their separate effects [(bar 2-bar 1) + (bar 3 -bar 1)], 
suggesting a synergism, but this effect was not detectable 
for bursts (bar 4 - bar 1) vs [(bar 2 - bar 1) + (bar 3 - 
bar 1)]. 
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Together, hemin and retinyl acetate induced a 
4.8-fold increase in the nxiiober of burst-component colonies 
and a 3.5-fold increase in the number of bursts. This 
contrasts with a 2.8-fold increase in burst-component 
colonies and a 2 . 6-fold increase in bursts obtained by 
stimulation with retinyl acetate only. However, in the 
presence of serum (10% FBS) and a "dirty" BSA (Cohn's Fr. 
V), no synergism was apparent (Fig. 2, bars 6a and 7a for 
bursts, and 6b and 7b for colonies). The highest number of 
burst-component colonies in serum was significantly lower 
than that in SF medium (bar 6 vs bar 4), suggesting the 
presence of inhibitory factors in serum. 

Similar results have been obtained with hemin 
together with all-ijcaiia retinoic acid ATRA (Fig. 3). 

To find out whether ATRA behaves in the same way 
as retinyl acetate, we substituted ATRA for RA (at 30nM) in 
the same SF medium. We found that in the absence of any 
added BPA-like activity (lL-3 or hemin) and of any Epo-like 
activity (Epo or IGF-I), ATRA was not capable by itself of 
supporting early colony growth and differentiation (Fig. 3, 
bar 1). In the presence of Epo, the normal regulator of 
ethrythropoietic differentiation, ATRA did not provide a 
BPA-like activity in that no day-16 colony formation was 
detected (Fig. 3, bar 2). In the presence of rHu-IL-3, 
erythroid colonies could be morphologically recognized but 
no hemoglobinization could be detected (Fig. 3, bar 3). 
Substituting optimal concentrations of Epo and IGF-1 for 
ATRA (on an lL-3 background) yielded a comparable number of 
day-16 colonies (not significantly different from bar 5, 
Fig. 3; t«2.46 for 2 degrees of freedom and p >0,05) and a 
much stronger degree of hemoglobinization (Fig. 3, bar 6); 
still, other erythroid-like colonies could be observed 
which had not matured. However, colony maturation was 
dramatically increased when ATRA was added to complete the 
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SF medium (Pig. 3, bar 7), as it induced a 4-fold increase 
in the nunber of henoglobinized dl6 colonies. These find- 
ings show that ATRA functions in a manner analogous to RA, 
and strongly suggest that these retinoids act as essential 
co-factors of erythroid differentiation. 

fflgr.T^nosB piggPowsE tw aw tmprovkd SF MEPCTH 

The relation between the nunber of bursts pro- 
duced and the number of PB MNC plated was investigated. 
Ihe results in Fig. 4 show that, in the presence of 5.5 
ng/ml of rHu IL-3, 3.0 U/ml rHu Epo, 3 x 10-M IGP-I, 0.1 mM 
hemin and 3 x 10-M retinyl acetate, the number of bursts 
varied linearly with the cell concentration between x and 
10 X 10* cells/0.5 ml plated, oaie regression line relating 
these variables extrapolated through a point not signifi- 
cantly different from the origin, suggesting that the 
mediim is performing satisfactorily for burst production. 
The efficiency of burst-production was approximately 1 
burst/1, 300/PB/MNC plated. 

EXftMPLB 4 

mm-K REOTTTPEMEUTS VOR irHu I T-t^ AND HEMTW TW THF. IMPROVEP 
SF HEDIPM 

A titration of rHu lL-3 (Fig. 5) in the SF medium 
showed that the number of day-14 burst-component colonies 
varied linearly with the log of rHu IL-3 concentration. In 
the absence of added Ili-3, no bursts could be detected; the 
erythroid colonies that were present had a soft orange 
colour and had < 50 cells. At IL-3 concentrations of up to 
0.28 ng/vSL, hemoglobinized bursts were practically absent, 
but burst-component colonies could still be recognized by 
their morphology and a faint orange colour, even though 
their number and the cellularity of each colony were very 
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low. Between 0.28 and 5.5 ng/ml, colony numbers increased, 
they had a mean cellularity of aibout 100 cells/colony, and 
a few, much larger colonies could also regularly be 
observed. A plateau of activity was reached at 5.5 ng/ml 
of rHu lL-3, without any toxic effects. From these data, 
we chose to use 5.5 ng/ml of rHu IL-3 as our standard 
concentration of added BPA-like activity for the improved 
SF medium. 

In the improved SF medium, hemin facilitated 
visualization of hemoglobinized colonies by increasing the 
intensity of their colour: at lo (M, hemin did not 
increase the number of bursts or their colonies (Fig. 6), 
but conferred on them a stronger hemoglobinization, their 
colour now being a definite orange instead of the soft, 
pale orange colour of the colonies present in the absence 
of hemin; at 100 nM hemin, the .colonies became redder, and 
at 250 fiM they seemed to attain a maximal degree of red- 
ness. Besides this qualitative effect, which greatly 
facilitated in sAtW scoring, both the number of day-14 
bursts and the number of day-14 burst-component colonies 
increased linearly with increasing hemin concentration 
between 10 and 250 nM (Fig. 6). over this range, the 
number of day-14 burst-component colonies increased 4-fold 
and the number of day-14 bursts increased 2-fold. The 
optimal concentration of hemin for both maximal hemoglobin- 
ization and number of day-14 bursts and their component 
colonies derived from lo» pb mnc was 250 ^M. At this cell 
density, the 500 concentration of hemin was too high for 
purposes of colony and burst enumeration; colony growth 
became practically confluent as early as day-12, and by 
day-14 some lysis was detectable, still higher concentra- 
tions tested (1 mM) were toxic and resulted in widespread 
lysis of cells in the colonies. 



wo 93/09220 



- 26 - 



PCr/CA92/00481 



TTTOATTON OF rHu TCF-T TO T HE ABSENCE OF EPO, WITH AND 
WTTOOUT RETINYI. ACETATE 

Ne3Ct, we titrated the number of burst-con^nent 
colonies against rHu IGF-I concentration^ In the absence of 
Bpo or retlnyl acetate (Fig- 7). At low concentrations 
(<10'"^), the number of erythroid burst-component colonies 
was significantly lower than would have been expected if we 
extrapolated back the linear component of the response 
curve between 10"*^ and 3 x lO^^M IGF-I (Fig. 7^ lower curve, 
closed squares) » This suggests that a threshold concentra- 
tion of IGF-I may be necessary for erythroid burst-compo- 
nent colony formation to be detected. Titration of burst- 
conqponent colonies against rHu IGF-I concentration r using 
the same PB HNC but performed in the presence of retlnyl 
acetate (also without Epo), showed that the effect of IGF-I 
was proportional to the log of its molarity, between 3x10'" 
and 3 X 10'*M, without having reached a plateau of activity 
at the highest concentration tested (Fig. 7, upper curve, 
closed circles). Accordingly, the half-maximal stimulation 
must be > 3 X 10"^^ (>2.6 ng/ml). At 3 x 10'"M, rHu IGF-I 
appeared to be ineffective against a background of early 
erythroid colonies which were apparently promoted by the 
presence of the retinoid at a concentration of 3 x lO*^. 
Once again, retlnyl acetate at the highest effective 
concentration gareatly enhanced (- 5-fold) the number of 
burst-component colonies scored. 

EXAMPLE 6 

QPBPARI8QW PF THg TITRATIONS OF rHtt EPQ AWP rHu IgF-I TOPER 
oPTHaL Sr COHPITIPWg FOR BqRST-PPQPgCTIPW 

The effects of either Epo or XGF-I on the produc- 
tion of burst-component colonies, eac^ titrated in the 
laiproved SF medium, but in the absence of the other 6F, 
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were compared. The results are expressed as raw data 
(Figs. 8A and 8B) and as percentage of the maximal stimula- 
tion observed with each GF (Fig. 8C). The Epo dose- 
response curve (continuous line joining the closed circles) 
is the mean of 3 separate experiments from different 
donors. Epo in our medium showed the familiar type of 
dose-response curve, plateauing at 3-6 U/ml or 9-18 x lO^^^W 
(Epo mol. wt. 34^000). Below 2 x 10""M rHu Epo, the number 
of burst-component colonies lay within the background level 
induced by retinyl acetate alone, in the absence of any Epo 
or IGF-I. From this normalized Epo curve, the half -maximal 
stimulation of the hormone upon burst-component colony 
formation was 2.7 x IQ-^'^ (0.89 u/ml), which corresponds to 
an Epo protein concentration of 8.1 ng/ml. 

A rHu IGF-I titration from 2 experiments with 
different donors is also shown in Fig. 8B (one in closed 
circles, the other in open squares). Each is expressed 
both as raw data (Fig. 8B) and as a percentage of its own 
maximal effect (Fig. 8C). It is apparent that the concen- 
tration of rHu IGF-I needed to reach maximal activity (at 
lO-ll) is nearly two logs of molarity higher than what we 
have observed with Epo in the same medium. Between 3 x 10"" 
and 3 X IQ-'M rHu IGF-I, the number of burst-component 
colonies varied proportionately with the log of IGF-I 
concentration, its half -maximal stimulation lying around 
6.5 X 10"^% IGF-I, which corresponds to a protein concentra- 
t:ion of 5.6 ng/ml. It is worth remarking that the overall 
numbers of burst-component colonies obtained by stimulation 
with each growth factor alone, as seen at plateau concen- 
trations, were not significantly different from one another 
(a range of 462 to 503 colonies/lO* MNC for all 5 experi- 
ments) . 

Titration of rHu Epo and rHu IGF-I expressed in 
terms of the ntimber of bursts produced (Fig. 9A) and as a 
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percenitage of their maximal effect (Fig. 9B) showed that 
the differential sensitivities to the respective growth 
factors were approximately the same as those observed for 
burst-component colonies, both for the propoirtional and the 
plateau components of the curves. From the actual numbers 
obtained in all these experiments we calculated the number 
of burst-coB^nent colonies per burst both at the back- 
ground level of retinoids (ie in the absence of both X6F-I 
and Epo, or at their ineffective concentrations), and at 
their plateau levels. The value of background averaged 1,7 
colonies (with > 50 cells each) per burst (77 colonies per 
42 bursts/10" mrc); the values at plateau averaged 4 
colonies per burst (467 colonies per 116 bursts) at maximal 
IGF-I stimulation and 5.4 colonies per burst (488 colonies 
per 91 bursts) at maximal Epo stimulation. This shows that 
one of the actions common to both growth factors is to 
enhance the proliferation of BFU-E--derived progenitors 
within each burst. 

These escperiments showed, imder optimal condi- 
tions, that IGF-I can substitute for Epo in the production 
of erythroid bursts. An investigation was conducted to 
determine whether erythroid bursts would develop tinder the 
influence of IGF-I in the presence of antibody directed 
against Epo. In Fig. 10, b2ur 1 shows the number of bursts 
obtained in the full SF medium but lacking IGF-I, with 6.0 
U/ml of ^o. Comparison with bar 4, in ^mich anti-Epo 
antibody was added to the same medium containing Epo, shows 
that the antibody was effective in inhibiting burst forma- 
tion that was dependent on Epo. Bar 3 shows that burst 
formation under the influence of IGF-I was not affected by 
the same anti-Epo antibody. Similar results were obtained 
when the day-14 cultures were scored for burst-component 
colonies. This conclusively demonstrates that the produc- 
tion of erythroid bursts under the influence of IGF-l does 
not occur through an Epo-dependent mechanism. Bars 4 and 
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5 show that in this SF mediim a limited nuiaber of bursts 
form which do not require either Epo or IGF-I, and the 
anti-Epp antibody has no effect on their development. 
Evidently, the presence of IL-3, hemin and retinyl acetate 
or all-JbKana-retinoic acid is sufficient to support the 
production of these "Epo- and IGF-I«-independent bursts". 

E3CAMPLE a 

ROM OF ACCESSORY CET.T.S IN BlTRST PROPn OT ioN tn an iMPRovEn 

SF MEDTUM 

The experiments described thus far were done with 
Ficoll-Hypaque density gradient-separated cells, and they 
provided information on the growth factor requirements of 
human erythroid progenitors among PB MNC, against a SF 
background. To find out whether or not accessory cells 
play a role under these conditions, we removed plastic 
adherent cells. Fig. 11 shows that production of erythroid 
bursts could be completely eliminated by this procedure, 
despite the presence of IL-3, hemin, retinyl acetate, Epo 
and IGF-I at what would otherwise be optimal concentra- 
tions. Thus accessory cells clearly still play a crucial 
role in the production of erythroid bursts by PB MNC in the 
improved SF medium. 

gXMPLg 9 - EFFECT OF RECOMBINANT HUMAW c,t w cKLT. CPn«>rw 
r^ycyOR AS A REPLACEMENT FOR AHHTORNT^ rP!T.T.Q 

Recombinant human (rHu) SCF was added to the SF 
cultures of Ficoll-Hypaque density gradient separated MNC 
which had been exposed to 1.5 hours' adherence to plastic. 

When the rHu SCF was added to cultures of 
untreated PB KMC under SF conditions at concentrations 
ranging from 30 to 1500 pM (l to 50 ng/mL) in the absence 
of IL-3, they showed virtually no change in the number of 
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tourste (Fig:, i^a closed circles) or of burst-component 
colonies (BCC> (Fi^. 12B, closed circles). In the presence 
o£ O.a hM rHu IIi-3, no significant increase (t=2, with 2 df 
and p>0.1) in iafurst-formation was observed at 1»5 nM rHu 
SCF ^Fig. X2A open circles). In contrast, adherent cell- 
depleted PB MHC showed a significant increase of burst- and 
BOC-fomation v^m the addition of as little as 30 pH rHu 
SCF CFigs. 12A and 12B, closed squares), but no increase 
upon the addition of IL-3 (in the presence of hemin and 1.5 
or 3*0 fiK rHu SCF)« The control point shown in parentheses 
(closed squares at O rHu SCF in Fig. 12B) represents 
erythroid colonies with <50 cells (an average of 25) which 
are prooaoted by the BPA-like action of heroin alone and were 
tentatively grouped as clusters, possibly equivalent to 
undeveloped bursts (Fig. 12A, closed square in parenth- 
eses). Some of these small hemin-dependent colonies 
approached the 50-cell size, ^nd the effect of rHu SCF, 
under these conditions (in the absence of IL-3), was to 
increase the cellular ity (up to 200 cells) of the BCC; it 
also rendered the colonies rounder and more compact. It 
thus allowed fall burst development. 

A ccKDiparison of the effects of rHu SCF and of the 
two defined BPA-like activities used in our SF mediiua (18), 
hemin and rHu II.-3, upon burst-formation shows that optimal 
conditions for burst-formation appeeured to require the 
presence of all three factors, rHu IL^3, rHu SCF and hemin 
(Fig. 12C, open bar 3), even though the addition of rHu IL- 
3 to both hemin and rHu SCF did not significantly increase 
the number of BCC observed (cf open bars 2 and 3, Fig. 
120). Removal of adherent cells appeared to prevent the 
capacity of hemin to promote erythroid colonies large 
enough for them to be classified as BCC; the number of 
erythroid colonies with 20 to 50 hemoglobinized cells (Fig. 
X2D,. striped bar 1) and of "tmdeveloped bursts" (Fig. 12C, 
striped bar 1) were fewer than the number of BCC and bursts 
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formed in the absence of hemin (Figs. 12C and 12D, closed 
bars 4). Finally, addition of rHu IL-3 to a combination of 
hemin and rHu SCF did not significantly increase the number 
of bursts obtained with hemin and rHu SCF alone (cf closed 
bars 2 and 3, Fig. 12C) and only marginally increased the 
nximber of BCC obtained with hemin and rHu SCF (cf closed 
bars 2 and 3, Fig. 12D) • 

EXAMPLE 10 

EFFECT OF PROLIFERATION-PROMOTING GROWTH FACTORS ( Hemin , 
rHu-IL-3 and rHu SCF) UPON MULTI-LINEAGE HEMATOPOIETIC 
COLONIES FROM HUMAN BONE-MARROW 

Normal bone-marrow mononuclear cells (BM MNC) separated an€L 
washed as described in Materials and Methods for PB MNC 
were grown in the basal serum-free mediiim, together with 
3.0 Ai/ml of rHu Epo, 3xlO-*M rHu IGF-1 and 3x10-* retinyl 
acetate, with different combinations of proliferation- 
stimulatory activities (250 fM Hemin, 10 ng/ml rHu IL-3 and 
50 ng/ml rHu SCF), Hemin is necessary to detect both 
erythroid (CFU-E- and BFU-E-derived) and non-erythroid 
(CFU-GM-derived) colonies (Fig. 13 bars 1), but the numbers 
of these colonies are significantly increased by the 
addition of rHu IL-3 (bars 2). The addition of rHu SCF in 
the absence of rHu IL-3 further increased the levels of 
these colonies over those obtained with rHu IL-3 in the 
absence of rHu SCF (CP. bars 3 and 2), and expression of 
multi-lineage CFU-GEHM-derived colonies could be observed 
under these conditions (Cp. open bar 3). Lastly, optimal 
levels of all four types of colonies were obtained when 
Hemin, rHu IL-3 and rHu SCF were all added together, making 
the medium complete (bars 4). 

Results shown in Fig. 14 were obtained using 
human bone-marrow mononuclear progenitor cells from 
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patlente with Dlaaiond Blackfan Anemia (DBA). Bars 1 of 
Fig. 14 are comparable to bars 1 of Fig. 13 as obtained 
under the same culture conditions (complete medium minus 
r«u IL-3 and rHu SCP). Bars 2 of Fig. 14^ however, show 
that DBA patients have dramatically fewer CFU-E (late 
erythroid progenitors) and BFD-B (early erythroid progeni- 
tors) than normals do (CP bars 3 of Fig. 13) when rHu SCF 
is added to Hemin in the absence of rHu II.-3. Finally / the 
addition of rHu IL-3 to Hemin in the absence of rHu SCF 
(Fig. 14, bars 3) exhibited the same greatly diminished 
expression of erythroid bone-marrow progenitors in DBA but 
it also indicates a greater expression of non-erythroid 
(CFU-GM) progenitors in DBA than in normals (CP. open bar 
3 from Fig. 14 with the more densely stippled bar 2 of Fig. 
13). 

EXftMPLE 11 

ERYTHROID COLONY FORMATION BY POLYCYTHEMIA VERA PRIMARY AND 
SECONDARY CmJl. POPUIATIONS I N AN IMPROVED SF MEDIUM 

Fig. 15 Shows the cell-dose response curve for 
burst-formation by PB MNC from a Polycythemia vera (PV) 
patient in our novel SF medium, without rHu SCF (closed 
circles) and without both rHu SCF and rHu Epo (stippled 
circles). In both instances, the medium contained 10 ng/ml 
rHu IL-3, 0.25 xnM Hemin, 3xlO'»M retinyl acetate and 3xlO-*M 
rHu IGF-1. Where indicated rHu Epo was employed at 3 U/ml. 
Either curve of Fig. 15 extrapolates through points not 
significantly diffexrent from the origin, indicating that, 
with or without rHU Epo, our novel SF medium is performing 
satisfactorily for burst-formation by PV PB MNC 

The improved SF medium performs equally well for 
an analysis of "CFU-E-lilce" and "BPU-E-like" erythroid 
colonies obtained from an immortalized cell line isolated 
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from the peripheral blood of another PV patient, as is 
shown by the two cvirves of Fig. 16, one for day 7 
erythrocytic-llke colonies (open circles) and the other for 
day-14 burst-like colonies (closed circles). 

EXAMPLE 12 



ADTOCRINB GROWTH OF A BI-PHENOTYPIC LEUKEMIA CELL LINE 
™ SF MBnTHM 

A bi-phenotypic leukemia cell line (B-1) from a 
patient with ALL (Acute Lymphoblastic Leukemia) was studied 
for its growth characteristics in our novel SF medium. 
Growth could be detected with the basal SF medium alone (in 
the absence of all peptide growth factors, namely rHu lL-3, 
rHu SCF, rHu EPO and rHu IGP-I, as well as in the absence 
of Hemin and retinoids), as shown in bar 2 of Fig. 17a. 
Substraction of d-a-tocopherol from the basal SF medium 
significantly diminished the viability of those bio- 
phenotypio leukemic cell day-9 colonies (bat 1, Pig. 17a) 
whereas addition of retinyl acetate further increased their 
growth (bar 3, Fig. 17A) . These results indicate that B-1 
cells can grow in the basal SF medium alone, in the absence 
Of any growth-stimulating activities, presumably by means 
of an autocrine mechanism. 

It is likely that this mechanism involves the 
secretion of IGF-1 by these cells, inasmuch as the addition 
of I6F-1 alone to the basal SF medium nearly tripled the 
number of B-x colonies (CP. bars 2 and l of Pig. 17B) . 
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WHAT WE CLAIM IS: 

^* A basal serxiiB-free medlim for erythrold and other 

hematopoietic progenitor cells and leukemia cells, consist- 
ing essentially of: 

a minimum essential medium; 

an effective amount of each of the four deoxyri- 
bonucleosides adenine deoxyriboside, thymine deoxyriboside , 
guanine deoxyriboside and cytosine deoxyriboside; 

an effective amount of each of the four ribonu- 
cleosides adenine riboside, uridine riboside, guanine 
riboside and cytosine riboside; 

an effective amount of L-glutamine; 

an effective amount of deionized, fatty-acid free 
and globulin-free bovine or human serum albumin or recombi- 
nant human albumin; 

an effective amount of a human or bovine 
transferrin; 

an effective amount of a phosphatidyl choline; 
an effective amount of a C„ - c^^ unsaturated 
fatty acid; 

an effective amount of a cholesterol; 

an effective amount of d-a-tocopherol or an ester 

thereof; 

an effective amount of at least one bio-accept- 
able antioxidant; 

and an effective amount of at least one anti- 
biotic substance effective to protect the cells against 
stray infections. 

basal serum-free medium of claim 1 wherein 
the phosphatidyl choline is L-a-phosphatidyl choline 
dipalmitoyl synthetic. 
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3^ Xhe basal seruni'-free medium of claim 2 wherein 

the unsaturated fatty acid is linoleic acid or oleic acid. 

4. The basal seruni-free medium of claim 3 wherein 
the cholesterol conqponent is porcine liver cholesterol. 

5, i?he basal serum-free medium of claim 4 wherein 
the antioxidant is selected from the group consisting of B- 
mercaptoethanol, a-thioglycerol and combinations thereof. 

The basal serum-free medium of claim 5 wherein 
the antibiotic substance is selected from the group con- 
sisting of sodium penicillin streptomycin sulphate and 
combinations thereof. 

7. The basal serum-free medium of claim 6 further 

including an effective amount of a bio-acceptable semi- 
solid or viscous matrix material. 

a. The basal serum-free medium of claim 7 wherein 

the matrix material is. selected from the group consisting 
of methylcellulose, agar and agarose. 

9. A serum-free culture medium for the growth and 

differentiation of erythroid and other hematepoietic 
progenitor cells and leukemia cells, said medium being free 
from indigenous cell growth factors but adapted to receive 
extraneous cell growth influencing materials for determina- 
tion of the ef f ecte thereof on the growth and differenti- 
ation of erythroid, other hematopoietic cells, and leukemia 
cells and for atteining optimal growth thereof, said 
culture medium consisting essentially of: 

- a basal serum-free meditim as defined above; 

- an effective amount of at least one growth 
promoting agent selected from the group consisting of heme 
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or hemin, interleukln-3 , and recombinant human stem cell 
factor; 

- an effective amount of at least one cell 
differentiation-promoting agent selected from the group 
consisting of erythropoietin, insulin-like growth factor, 
and a retinoid. 

10. The culture medium of claim 9 which additionally 
Includes an effective amount of erythropoietin. 

11. The culture medium of claim 10 which additionally 
includes an effective amount of interleukin-3 . 

12. The culture medium of claim 11 which additionally 
includes an effective amount of recombinant human stem cell 
factor. 

13. The culture medium of claim 12 which includes an 
effective amount of the insulin-like growth factor IGF-l. 

14. The culture medium of claim 13 which includes an 
effective amount of hemin and is substantially free from 
heme. 

15. The culture medium of claim 14 which includes a 
retinoid selected from the group consisting of retinoic 
acid and lower alkyl esters of retinoic acid. 

16. The culture medium of claim 15 wherein the 
retinoid is retinyl acetate. 

17. The culture medium of claim 15 wherein the 
retinoid is all-iEajjg retinoic acid. 

18. The culture medium of claim 17 wherein the basal 
serum-free medium is as defined in claim 6. 
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19. The culture medium of claim 17 wherein the basal 
serum-free medium is as defined in claim 8. 

20. A process of determining the effect of a test 
substance on the growth characteristics of erythroid and 
other hematopoietic progenitor cells or leukemia cells 
which comprises culturing said cells under predetermined, 
controlled conditions in a serum-free culture medium as 
defined in claim 9 and to which has been added a predeter- 
mined quantity of said test substance, and recording growth 
characteristics of said cells in the culture medium. 
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